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Abstract
Using the Belle data on the decay Υ(10860) → Υ(1S)f0(980) → Υ(1S)pi+pi−, we estimate the
fraction of the process Υ(10860) → Υ(1S)f0(980) → Υ(1S)ηpi0, caused by the mixing of a00(980)
and f0(980) resonances that breaks the isotopic invariance due to the K
+ and K0 meson mass
difference. With an instantaneous luminosity of 8 × 1035 cm−2· s−1 at the SuperKEKB collider,
one can collect with the Belle II detector about a hundred Υ(10860) → Υ(1S)ηpi0 events in the
narrow region of the ηpi0 invariant mass near the KK¯ thresholds in a time roughly spent on the
present Belle experiment.
1
Recently, the Belle Collaboration performed a full amplitude analysis of three-body
e+e− → Υ(nS)pi+pi− (n = 1, 2, 3) transitions at √s = 10.865 GeV and determined the rela-
tive fractions of various quasitwo-body components of the three-body amplitudes as well as
the spin and parity of the two observed Zb states [1]. They also reported the first observation
of the e+e− → Υ(1S)f0(980) transition. The fraction of the decay Υ(10860)→ Υ(1S)f0(980)
is (see Table VI in Ref. [1])
fΥ(1S)f0(980) =
BR(Υ(10860)→ Υ(1S)f0(980)→ Υ(1S)pi+pi−)
BR(Υ(10860)→ Υ(1S)pi+pi−) =
(
6.9± 1.6+0.8
−2.8
)
% . (1)
The resonance f0(980) can decay into ηpi
0 via the transition f0(980) → (K+K− +
K0K¯0) → a00(980) → ηpi0, i.e., owing to the a00(980) − f0(980) mixing [2, 3]. Using, as
a guide, the central value for the a00(980)−f0(980) mixing intensity measured by the BESIII
Collaboration in the reaction J/ψ → φf0(980)→ φa00(980)→ φηpi0 [4],
ξfa =
BR(f0(980)→ KK¯ → a00(980)→ ηpi0)
BR(f0(980)→ pi+pi−) ≈ 0.009, (2)
we obtain the following estimate for the isospin breaking decay fraction of the Υ(10860)
fΥ(1S)a0
0
(980) =
BR(Υ(10860)→ Υ(1S)f0(980)→ Υ(1S)ηpi0)
BR(Υ(10860)→ Υ(1S)pi+pi−) ≈ 6.2 · 10
−4 . (3)
The most characteristic feature of the decay Υ(10860)→ Υ(1S)f0(980)→ Υ(1S)ηpi0 is the
dominance of the narrow resonance structure in the ηpi0 mass spectrum in the vicinity of
the KK¯ thresholds [3, 5]. The corresponding ηpi0 mass spectrum (see Fig. 1) is given by
dN(Υ(5S)→ Υ(1S)ηpi0)
dm
= Cp(m)
∣∣∣∣∣∣
Πa0
0
f0(m)
Da0
0
(m)Df0(m)−Π2a0
0
f0
(m)
∣∣∣∣∣∣
2
2m2Γa0
0
→ηpi0(m)
pi
, (4)
where Υ(5S) is a short notation for Υ(10860), m is the invariant mass of the ηpi0 system,
p(m) =
√
m4Υ(5S) − 2m2Υ(5S)(m2 +m2Υ(1S)) + (m2 −m2Υ(1S))2 /(2mΥ(5S)), and C is the nor-
malization constant. The a00(980)− f0(980) mixing amplitude Πa00f0(m) in Eq. (4), caused
by the diagrams shown in Fig. 2, has the form
Πa0
0
f0(m) =
ga0
0
K+K−gf0K+K−
16pi
[
i
(
ρK+K−(m)− ρK0K¯0(m)
)
−ρK+K−(m)
pi
ln
1 + ρK+K−(m)
1− ρK+K−(m) +
ρK0K¯0(m)
pi
ln
1 + ρK0K¯0(m)
1− ρK0K¯0(m)
]
, (5)
where m ≥ 2mK0 and ρKK¯(m) =
√
1− 4m2K/m2; in the region 0 ≤ m ≤ 2mK0, ρK0K¯0(m)
should be replaced by i|ρK0K¯0(m)|, and in the region 0 ≤ m ≤ 2mK+ , ρK+K−(m) should
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Figure 1: The solid curve shows the ηpi0 mass spectrum in the decay Υ(10860) → Υ(1S)f0(980) →
Υ(1S)ηpi0 calculated with the use of Eq. (4). The dotted vertical lines show the locations of the
K+K− and K0K¯0 thresholds.
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Figure 2: The KK¯ loop mechanism of the a00(980) − f0(980) mixing.
be replaced by i|ρK+K−(m)|. Dr(m), in Eq. (4), is the inverse propagator of the unmixed
resonance r [r = a00(980), f0(980)] with the mass mr ,
Dr(m) = m
2
r −m2 +
∑
ab
[ReΠabr (mr)−Πabr (m)], (6)
ab = (ηpi0, K+K−, K0K¯0, η′pi0) for r = a00(980) and ab = (pi
+pi−, pi0pi0, K+K−, K0K¯0, ηη)
for r = f0(980); Π
ab
r (m) stands for the diagonal matrix element of the polarization operator
of the resonance r corresponding to the contribution of the ab intermediate state. At m >
ma +mb,
Πabr (m) =
g2rab
16pi

m(+)ab m(−)ab
pim2
ln
mb
ma
+ ρab(m)

i− 1
pi
ln
√
m2 −m(−) 2ab +
√
m2 −m(+) 2ab√
m2 −m(−) 2ab −
√
m2 −m(+) 2ab



 , (7)
where grab is the coupling constant of r with ab, ρab(m)=
√
m2 −m(+) 2ab
√
m2 −m(−) 2ab /m2,
m
(±)
ab =ma ± mb, and ma ≥ mb; ImΠabr (m) = mΓr→ab(m) = (g2rab/16pi)ρab(m). At m(−)ab <
3
m < m
(+)
ab
Πabr (m) =
g2rab
16pi

m(+)ab m(−)ab
pim2
ln
mb
ma
− ρab(m)

1− 2
pi
arctan
√
m
(+) 2
ab −m2√
m2 −m(−) 2ab



 , (8)
where ρab(m)=
√
m
(+) 2
ab −m2
√
m2 −m(−) 2ab /m2. At m ≤ m(−)ab
Πabr (m) =
g2rab
16pi

m(+)ab m(−)ab
pim2
ln
mb
ma
+ ρab(m)
1
pi
ln
√
m
(+) 2
ab −m2 +
√
m
(−) 2
ab −m2√
m
(+) 2
ab −m2 −
√
m
(−) 2
ab −m2

 , (9)
where ρab(m)=
√
m
(+) 2
ab −m2
√
m
(−) 2
ab −m2 /m2. Here we use as a guide the numerical esti-
mates of the coupling constants g2f0ab/(16pi) and g
2
a0
0
ab
/(16pi) obtained in Ref. [5] by analyzing
the BESIII data on the a00(980)− f0(980) mixing [4]
g2f0pipi
16pi
≡ 3
2
g2f0pi+pi−
16pi
= 0.098 GeV2, (10)
g2
f0KK¯
16pi
≡ 2g
2
f0K+K−
16pi
= 0.4 GeV2, (11)
g2
a0
0
ηpi0
16pi
= 0.2 GeV2, (12)
g2
a0
0
KK¯
16pi
≡ 2
g2
a0
0
K+K−
16pi
= 0.5 GeV2. (13)
As in Ref. [5], we fix ma0
0
= 0.985 GeV, mf0 = 0.985 GeV (see also Ref. [6]) and set
g2
a0
0
η′pi0
= g2
a0
0
ηpi0
and g2f0ηη = g
2
f0K+K−
by the q2q¯2 model.
In the Belle experiment of 2015 [1], 2090± 115 Υ(10860)→ Υ(1S)pi+pi− events were col-
lected. Thus, one or two Υ(10860)→ Υ(1S)ηpi0 events could be produced in this experiment
due to the a0(980)− f0(980) mixing.
There is no visible ηpi0 background and one can hope that this rare decay will be measured
with the use of the Belle II detector at the SuperKEKB with at least 10% statistical accuracy.
In the new experiment with a 40 times greater instantaneous luminosity, one can collect
about a hundred Υ(10860) → Υ(1S)ηpi0 events (i.e., from 50 to 150 events) in the narrow
region of the ηpi0 invariant mass near the KK¯ thresholds in the time comparable with that
spent on the initial Belle experiment [1]. According to our estimates, the statistics in the
experiment [1] were collected in about three months.
The observation of the decay Υ(10860) → Υ(1S)f0(980) → Υ(1S)ηpi0, together with
investigations of the weak hadronic decays D+s → ηpi0pi+ [7], D0 → KSpi+pi− and D0 →
4
KSηpi
0 [8], can open a new stage in a thorough study of the a00(980) − f0(980) mixing
phenomenon and the nature of the light scalar mesons.
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